1. DENDRI TI C | NTERCONNECTI ON SYSTEM FielﬁF%ﬂ3'

the I nvention Thi s I nvention relates generally to t he Py
i nt erconnection of two nmenbers using dendr| ? S |nterconnection.
In nore specific aspects, this invention relates 3‘ use of dendrites

for interconnecting two nenbers which results in a secure, essentially
per manent, connection. In even nore specific aspects, this invention is
especially useful in connecting liquid crystal flat- panel displays with
dendritic interconnections, which results in a permanent interconnection.
Background I nformation :

1
DENDRITIC INTERCONNECTION SYSTEM

Field of the Invention
This invention relates generally to ° the
interconnection of two members using dendrites for such
interconnection. In more specific aspects, this invention
rélates to the use of dendrites for interconnecting two
members which results in a secure, essentially permanent,
connection. In even more specific aspects, this invention
is. especially useful in connecting liquid crystal flat-
‘panel displays with dendritic interconnections, which
results in a permanent interconnection.
' Background Information
. Dendrltlc lnterconnectlon technology has developed to
the point where it is useful in a wide variety of
appllcatlons. Dendritic connections and the forming of
den&rites is described in detail in commonly assigne& U.8.
Patent 5,137,461 to Bindra, et al. 1In making dendritic
connections, dendrites are first grown,. which dendrites
typically are palladium, although other materials can be
used. The dendrites are grown on one face of one of the



Dendrirtic interconnection technol ogy has devel oped to the point where it

Is useful in a wde variety of applications. Dendritic connections and
the form ng of dendrites is described in detail in comobnly assigned U.S.
Patent 5,137,461 to Bindra, et al. |In nmaking dendritic connections,

dendrites are first grown, which dendrites typically are palladium
al t hough other materials can be used. The dendrites are grown on one face

of one of the 2 nenbers to be
I nt er connect ed. Dendrite receiving and
2
members to be interconnected. Dendrite receiving and

securing material is then formed on the face of the other
member which is to be interconnected. This dendrite
receiving and securing material may also be dendrites,
although more typically solder is used; other non-metallic
materials such as conductive epoxy can also be utilized as
the dendrite receiving and securing material. The
dendrites are formed in a given pattern, and the dendrite
_receiving and securing material is formed in a eimilar
given pattern on a face of the other member. Force is
applied urging the two members together, whereby the
dendrites are forced into or pierce the dendrite receiving
material to form an interconnection. Typically, mechanical
pressure is used to exert the force. These connections can
- be either temporary or permanent. Tempbrary connections
are useful, for example, in testing devices, whereas _
permanent interconnections are useful where one component
is to be joined to another component for the. operational
functioning of the device. When the connection is to be
permanent, the force should be maintained, urging the two
members together to ensure the permanency of the
connection; or, expressed. in another way, force is
maintained to assure that the connection does not .
unintentionally disengage. According to conventional prior
art practice, this force is applied through c¢lamping
devices and may incorporate elastomers, stiffeners and
mechanisms for introducing, adjusting and maintaining the
force, urging the two members together. This technique
generally provides good connections for cables, cards,



securi.ng material is then formed on the face of the other nenber which is
to be interconnected. This dendrite receiving and securing material may
al so be dendrites, although nmore typically solder is used; other

non-netallic materials such as conductive epoxy can_ as the
dendrite receiving and securing nmaterial. Thy rrned
In a given pattern, and the dendrite receiving and § S
formed in a simlar given pattern on a face of the ofher Force S

applied.urging the two nenbers together, whereby the dendrltes are forced
into or pierce the dendrite receiving material to form %@mﬁwh&uon
Typically, nmechanical pressure is used to exert the for

connections can be either tenporary or permanent. Tenpor|{gsi ¥ ": s are
useful, for exanple, in testing devices,3zwhereas permanent 1 nterco ctions
are useful where one conponent is to be joined to another conponent for the
oper at i onal buaﬁaispni agmpbnéhes fdeviktps Weaid t R heannedimidaxr s digchd t

per manent , g e shoul d be mai ntained, urging the two nenbers together
to ensure th B ﬁ%ﬁCy of the connection; or, expressed in another way,
force is mintai nEdwevedssite thae tdfe champing odemrdessnduawniqemaaﬁjnonal |y
di sengage. Aﬁﬂ&efiegoae CORYENLLERG1e PT{ Pla Hd1dUAAIES Jeiderkiite

appl i ed throug devi ces may incorporate el astoners, stlffeners
and mechani sapdf éﬁndmﬁ@dnéf:ﬂgww | ad | SROEHMEIRNeFI LW L% aiee Located

over a large area, it is difficult to maintain an equal

force at each of the dendritic connections, and this
difficulty increases as the area increases. Additionally,
~difficulty is introduced if the main surfaces have a very
thin cross-sectional area. Moreover, any requirement that
the main surfaces must allow light to pass introduces a
number dendrite contact probleﬁs. The principal of these
problems is that where clamps are used, sufficient applied
force for good contact is difficult to achieve, and, if
achieved, uneven distribution of the force and ocut of plane
distortion of the surfaces can result. ,

It is therefore an object of the present. invention to
prov1de a technique for dendritic interconnection wherein
essentially uniform force can be applied to dendritic
connections and good connections result which resist
unintended disassembly.

Summary of the Invention

According to the present invention, a technique of
connecting a first member having a first face to a second
member having a second face utilizing dendrites or dendrite
technology is provided. In order to form the connection,
dendrites are formed on one face of the first member in a
given configuration. Preferably the dendrites are formed
of -palladium, although they may be formed of other



force, urging the two nenbers together. This technique generally provides
good connections for cables, cards,

3 boards, conponean——ch+pS—and—ePher simlar circuit conponents.
However, the use of. .z evi ces has certain s. For exanpl e,
if a nmultiplicity®§pn %9d dendrite rece Jﬁﬁbﬂ§ﬁ61§§pgﬁ

materials are | ocatlg I ge area, it is ok Bﬁﬁxknmnalntaln an
equal force at each||Em Mtic connections, and this Ity

i ncreases as the area increases. Additionally, difficulty is introduced if
the main surfaces have a very thin cross-sectional area. Mreover, any
requirement that the main surfaces nust allow light to pass introduces a

nunber dendrite contact problens. The pr|n0|pal of these problens is that
where cl anps are used, sufficient

materials such as nickel, copper, cobalt, iron, etc. The
dendrites are formed in a given configuration on one face.
Dendrite receiving and securing material is formed on a
face of the second member in a configuration conforming
substantially to the given configuration of the dendrites
on the one face. The dendrite receiving and securing
material preferably is solder, although other materials
such as a second set of dendrites or even an epoxy {(which
‘would be a conductive epoxy if electrical connection is
required) can be used as the dendrite receiving and
securing material. _ |

The first and second members are then placed in a
position relative to each other with the dendrites on the
one face of the first member in contact with the dendrite
receiving and engaging material on the face of the second
member. An airtight seal is then provided between the
first and second faces surrounding the dendrites and
dendrite receiving and engaging material, which forms a
sealed chamber between the first and second members.
Thereafter, a vacuum is pulled within the sealed chamber,
thereby causing the ambient air pressure on the two members
to urge the two members toward each other which will embed
the dendrites .in the dendrite receiving and engaging
material to form interconnection therebetween. The device
pulling the vacuum is then detached from the two members
and the airtight chamber with the vacuum maintained therein
ig sealed to cause the air pressure to maintain a constant
and continuous force on the two members, thereby ensuring
continued positive engagement of the dendrites and the

dendrite receiving and engaging material.



applied force for good contact is difficult to achieve, and, if achieved,
uneven distribution of the force and out of plane distortion of the
surfaces can result. SUMMARY OF THE | NVENTI ON
It is an object of‘the—pfeseﬂL—Ln¥enLjon to anmeliorate one or nore

di sadvant ages of t According to one aspect of e :
present invention the_:s : met hod of cdnfigs kuBEr aakisrst menber
having a first facﬁf”' ' Miher having a sedond fr@@ACEDONDrijsing
the steps of; providil g igdiext endi ng from sard~fTTsT-Tace in a given
configuration provi di ng dendrlte recei ving and engaging material on said
second face in a configuration corresponding to said given configuration,
pl aci ng said nmenbers in juxtaposed relationship with said dendrites in
contact with said dendrite receiving and engaging material, providing an
essentially air-tight seal between said first and second faces around said
dendrites and deridr idmiaredss \entgarared @ngiagpruyareihsy ilnd bdtwrabytiorm a

dendrites and the dendrite receiving and securing matgrial
and thus ensure a permanent interconnection, in one
embodiment the dendrites and dendrite receiving and
securing material each contain a component which can form
an intermetallic compound therebetween. For example, the
preferred palladium, when used as the dendrite material,
will form an intermetallic compound when a lead/tin or
lead/indium solder is used, or indeed any solder containing
tin or indium. -This will strengthen the bond between the
dendrites and the dendrite receiving and securing material,
thereby enhancing the reliability of a permanent bond.

Description of the Drawings

Figure 1 is an éxploded view, somewhat schematic,
showing one embodiment of the present invention for use in
connecting two members of a flat panel liquid display;

Figure 2 1is a longitudinal sectional wview of the
panels of Figure 1 in position for being engaged;

- Figure 3 is a view similar to Figure 2 showing the two -
members of panels being engaged with the dendrites embedded
in the dendrite receiving and engaging material and being
held by vacuum; and .

Figure 4 is a longitudinal sectional view of another
embodiment of the present invention.

Degcription of the Preferred Embodiment (s}
According to the present invention, a pair of members
are interconnected using dendrite technology by forming
dendrites on the face of one member and dendrite receiving



seal ed chanber between said first and second nenbers within said air-tight
seal, and pulling a vacuumw thin said seal ed chanber to thereby all ow
said dendrites to be enbedded on said dendrite receiving and engagi ng
material to forman interconnection therebetween, and naintaining said
vacuumto forma functional pair of interconnected nenbers. .
According to anot her aspect of the present invention there is provided a

conposite structure of a first menber having a first face and a second
menber having a second face,

4 conprising; dendrites extending fromsaid first face in a given

configuration,” dendrite receiving and engaging material on said second
face in a configuration corresponding to

6

and securing material on the face of the other in
corresponding pattérns for bringing the two members
together with the dendrites in contact with the dendrite
receiving material to provide a gas-tight seal to define a
chamber between the two members and than evacuating the
chamber by means of a gas pump to thereby allow atmospheric
pressure operating on opposite sides of the members to
drive the dendrites into the dendrite receiving and
_securing material. This technology is illustrated .in
Figures 1-3 for one embodiment of -the invention as used to
manufacture flat panel liguid crystal displays, although
this is merely one example of where it can be used, the
technology being useful wherever two members need to be
. joined and an air-tight chamber can be defined between
" them. '

Referring now to the drawings, and for the present to
Figures 1-3, a flat panel LCD display is shown and
‘degsignated generally by the reference charactér 10. The
flat panel 10 is shown in an explodéd view in Figure 1 and
in a longitudinal sectional view in Figure 2 prior to
forming a vacuum, and in Figure -3 after the pulling of the
vacuum. The flat panel display 10 includes an upper member
12 and a lower member 14.: (As used herein, upper -and lower
are merely designations of the position as depicted in the
drawings, it being understood that the members 12 and 14
can be utilized and/or assembled in any relative position
with respect to each other.}

The flat panel 10 also includes a plurality of modules
16 containing the liquid display material which are wired

together in a conventional manner (not.shown} to form the



said given configuration, said first and second nenbers being in juxtaposed
rel ationship, an essentially air-tight seal between said first and second
faces around said dendrites and dendrite receiving and engagi ng nateri al
to thereby forma seal ed chanber between said first and second nenbers
within said air-tight seal, and a vacuumw thin said sealed chanber; said
dendrites being enbedded in said dendrite receiving and engagi ng materi al
and mai ntai ned therein by anbient pressure action on said first and second
menbers to forma continuing interconnection therebetween. Accor di ng
to still another aspect of the present invention there is provided a
conposite structure of a first nmenber having a first face and a second
menber having a second face, conprising, dendrites extending fromsaid
first face in a given pattern into a dendrite receiving and securing

mat eri al di sposed on said second face, and said dendrites and said
dendrite reddiidigmsierngd areclddbnged| batween ftdrenpayeds LAtandet4allic

compound - at‘rﬁé‘%gﬂgﬁernfe"i\ﬁa‘éxoﬁzsﬁhg GERAEILES AN Eo3aled FRNGTHLSed€6RYVI NG

and securing nmaterial. -
pattern on one face 19 of the upper member 12. The
dendrites preferably are formed of palladium as described
in the above-entitled U.S. Patent 5,137,461. However,
other materials can be used to form the dendrites, such as
nickel, copper, cobalt, iron or other materials which form
a needle-like acicular structure which is relatively rigid

~and can be driven into a dendritic receiving material such

as ‘solder. A plurality of the solder bumps 20 are formed
on one face 21 of the lower member 14. Solder bumps 20 are .
formed on the face 21 in a pattern which conforms to the
pattern formed by the dendrites 18. Preferably, this
gsolder is a lead-tin solder, although other solders, and
indeed other dendrite receiving materials, can be used as
will be described presently.

’ The upper and lower panels 12 and 14 are assembled
with their faces 19 and 21 in juxtaposed relationship with
the dendrites 18 contacting the solder balls 20 as shown in
Figure 2. - The modules 16 are interposed between the
members 12 and 14, as well as spacer balls 24. Preferably,
the spacer balls are glass spheres and are used to maintain
the proper spacing between the members 12 and 14 in their
final operating posgition. Conventionally, the spacing of
members 12 and 14 for an LCD display is between about .5
millimeters and 2 millimeters.

A gas-tight elastomeric seal, a portion of which is
shown at 26, is provided surrounding the outer peripheries
of the upper member 12 and lower member 14, and engaging

the members 12 and 14 to provide a gas-tight chamber 28



DESCRI PTI ON OF THE DRAW NGS Figure 1 is an expl oded view, somewhat
schematic, showi ng one enbodi nent of the present invention for use in

connecting two menbers of a flat panel |iquid display; Figure 2 is a
| ongi tudi nal sectional view of the panels of Figure 1 in position for
bei ng engaged,; Figure 3is aviewsimlar to Figure 2 showing the two

menbers of panels being engaged with the dendrites enmbedded in the
dendrite receiving and engaging material and being held by vacuum and

Figure 4 is a longitudinal sectional view of another enbodinent of the
present invention.

8

between the faces 19 and 21 of the members 12 and 14,
respectively. A particularly useful material for the seal
26 is an epoxy resin, although other materials, such as
natural and synthetic rubber, could be used. The modules
16 and spacer balls 24 are disposed in this space. A
" wvacuum pump 30 is provided which is connected by a vacuum
line 32 through valve 34 to the gas-tight chamber 28. The
vacuum pump is then actuated to pull a vacuum within the
~gas-tight chamber 28. When the chamber 28 is evacuated,
the air pressure acting on the oﬁposite gsides of the upper
member 12 and the lower member 14, as indicated by the
arrows in Figure 3, drives the dendrites 18 into the soldex
balls 20. An extremely high vacuum is not required, it
being sufficient that the vacuum be high enough so that the
air pressure drives the dendrites 18 into the solder balls
20 and the faces 19 and 21 of the members 12 and 14 against
the tiles 16 and the spacer balls 24. A vacuum of about 1
torr is sufficient for this purpose. '

By the use of a wvacuum, it is possible to apply
essentially uniform pressure against the entire surfaces of
the members 12 and 14, causing the engagement of the
dendrites 18 firmly in the solder balls 20. Such dendritic
interconnection is explained fully in the above-mentioned
patent, 5,137,461,

Once the proper vacuum has been pulled, valve 34 is
shut off, and the vacuum line 32 sealed so that the vacuum
is maintained in the gas-tight chamber 28, and thus the
pressure maintained on the members 12 and 14 to maintain a
good, tight seal.



5 . . DESCRI PTI ON OF THE PREFERRED EMBCDI MENT( S) According to the
present invention, a pair of nmenbers are interconnected using dendrite
technol ogy by form ng dendrites on the face of one nenber and dendrite

recei ving and securing material on the face of the other
I n
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Referring now to Figure 4, another embodiment of this
invention for use in flat panel liquid display is shown.
This embodiment is similar to the embodiments of Figures
1-3, except that the dendrites 18 are grown on one face of
the module 16 instead of the upper member 12. The action
of the air pressure upon drawing of the vacuum is the same.

The strength of the mechanical bond between the
dendrites 18 and solder 20 can be improved or enhanced by

~the selection of the materials for the dendrites and the
solder such that an intermetallic compound can be formed.
For example, if the dendrite material is palladium and the
solder is a tin-containing solder, an intermetallic
compound (PdsSn) can be formed at the interface of the
dendritic connection -to the soldexr 20. This can be
accomplished by heating the solder to above the liquidus
temperature, at which point the intermetallic compound
palladium-tin quickly forms, thus providing a chemical or
molecular bond between the dendrites and the solder, as
well as a mechanical bond. This will ensure that in case
the vacuum is lost or is reduced, that there is additional
strength in the joint. 1Indeed, in some instances, such
intermetallic compound may provide a sufficiently strong
bond for the permanent interconnection of certain
components without a vacuum.

Other intermetallic compounds can be formed 1if
different materials are selected for the dendrites and
solder. For example, indium can be used in place of tin or
in addition to tin in the solder, in which case an indium-
palladium bond can be formed. Other materials such as



correspondi ng patterns for bringing the two nmenbers together with the
dendrites in contact with the dendrite receiving material to provide a
gas-tight seal to define a chanber between the two nenbers and than
evacuating the chanber by neans of a gas punp to thereby allow at nospheric
pressure operating on opposite sides of the nmenbers to drive the dendrites

into the dendrite receiving and securing material . This technol ogy is
illustrated in Figures 1-3 for one enbodi nent of the invention as used to
manuf acture flat panel liquid crystal displays, although this is nerely one

exanpl e of where it can be used, the technol ogy being useful wherever two
menbers need to be joined and an air-tight chanber can be defined between

t hem Referring now to the drawings, and for the present to Figures
1-3, a flat panel LCD display is shown ggd designated generally by the
reference character 10. The flat panel 10 is shown in an exploded view in
Figure 1 andntiBkall ongigpest nakolserd | aAal MW ¢dn FEGYE iAtRirmtallq ifor m ng -
a vacuum ang ia Figghe 3 after_the pulling of the vacuum The flat panel

di spl ay 10 i REPHGeY¥ GpBePrntRBE™12 and a | ower nenber 14. (As used
herei n, upper andInoamother embvalimetssi gmabirdes b fdwm podierinetadd idepi ct ed

o L o e S sl SRS Sphe 800 Metagde
ot her.) with tin, to help in forming the intermetallic bond, or the
dendrites can be plated with gold which very easily forms
intermetallic bonds with various materials, including the
palladium, tin and indium. In any event, by the selection
of materials for the dendrites and the dendrite receiving
. and securing material, various intermetallic compounds can
be formed by heating to strengthen the bond.

Also, it is possible to use material other than solder
for forming the dendrite receiving material. Foxr example,
a second pattern of dendrites can be plated on the face 21
of the lower member 20, rather than solder, and dendrite-
to-dendrite connections can be formed as described in
Patent 5,137,461. BAgain, if tin plating is used, it is
possible to form intermetallic compounds which will
strengthen the bond. Also, epoxy can be used in place of
golder and, if electrical conductivity is required in any
particular uses, conducting epoxy can be used. If an epoxy
is used, formation of intermetallic compounds is not
appropriate.

Accordingly, the preferred embodiment of the present
invention have been described. ﬁith the foregoing
description in mind, however, it is understood that this
description is made only by way of example, that the
invention is not limited to the particular embodiments

described herein, and that wvarious rearrangements,



The fl.at panel 10 also includes a plurality of nodules 16 containing the
liquid display nmaterial which are wired together in a conventional manner
(not shown) to formthe 7 LCD
di splay and are di sposed between the panels 12 and 14. The upper nenber 12
has dendrites 18 forned in a repeating pattern on one face 19 of the upper
menber 12. The dendrites preferably are forned of palladiumas described
in the above-entitled U S. Patent 5,137, 461. However, other materials can
be used to formthe dendrites, such as
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modifications, and substitutions may be implemented without
departing £from the true spirit of the invention as
hereinafter claimed.



ni.ckel, copper, cobalt, iron or other materials which forma needle-Ilike
acicular structure which is relatively rigid and can be driven into a
dendritic receiving naterfaT_EﬁEﬁ_§§-§6rder——A plurality of the sol der

bunmps 20 are forned on one fﬂ ﬂm]mﬂ" er 14. Sol der bunps 20
are formed on the face 21 | conf

r'THS K& n forned
by the dendrites 18. Preferably Lthi ¢ solder I$ a |Qﬁﬂmﬁtﬁb§01der
al t hough ot her sol ders, and indeed other dendrite réec lLdl s, can
be used as wll be described presently. The upper and | ower panels 12
and 14 are assenbled with their faces 19 and 21 in juxtaposed relationship
with the dendrites 18 contacting the solder balls 20 as shown in Figure 2.
The nodul es 16 are interposed between the nenbers 12 and 14, as well as
spacer balls 24. Preferably, the spacerldalls are glass spheres and are
used to maintain the proper spacing gﬁ#ﬁﬁﬁ? the nenbers 12 and 14 in their
final operating position. Convention y, the spacing of nenbers 12 and 14-
for an LCD display is between about .5 mllinmeters and 2 n1II|neters

A gas-tight elastoneric s ort ;ﬁl

provi ded sur r oundf 'ng tl}‘ue g%fddr cE)erl P eer(fé(;lsn%,@l ﬁle upper rrenbe and | ower
menber 14, dhidcsngdgiceg the aresberndldnemkk 4heyipgod déegogds-Eaght
chanber 28 comprising the steps of;

providing dendrites extending from said first
face in a given configuration, _
providing dendrite receiving and engaging
material on said second face in a configuration
-corresponding to said given configuration,
placing said members in juxtaposed relationship
with said dendrites in contact with said dendrite receiving
and engaging material,
providing an essentially air-tight seal between
said first and second faces around said dendrites and
dendrite receiving and engaging material to thexreby form a
sealed chamber between said first and second member within
said air-tight seal, and
pulling a vacuum within said sealed chamber to
thereby allow said dendrites to be embedded on said
dendrite receiving and engaging material to form an
interconnection therebetween.

2. The invention as defined in Claim 1 wherein said

dendrite receiving and engaging material is solder.

3. The invention as defined in Claim 1 further
characterized by the provision of at least one spacer
device between said first and second members within said

chamber.

This Sheet Has Been R
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8 . between the faces 19 and 21 of the nenbers 12 and 14, respectively. A
particularly useful material for the seal 26 is an epoxy resin, although
other materials, such as natural and syntheflic rubber. could be used. The
modul es 16 and spacen-ba##s-%A—afe—drsposed [THISt SHEETSHDRECBEEN | A vacuum punp
30 is provided which i s gRriaaaRa i acuum | i RBPIXCHEhr ough val ve 34 to
~the gas-tight chanber 288KERIERINENHN -ﬂn%)ls then actuated to pull a vacuum
wi thin the gas-tight chanber 28. ¥Wh&n % he chanber 28 is evacuated, the air

pressure acting on the opposite sides of the upper nenber 12 and the | ower
menber 14, as indicated by the

13

4, The invention as defined in Claim 3 wherein there
is a plurality of spacer devices between said first and
second member.

5. The invention as defined in Claim 1 wherein said
dendrites and said dendrite receiving and engaging material
each include first and second configurations which form an
intermetallic compound; and

wherein after said pulling of said vacuum, said
'dendrites and said dendrite receiving and engaging material
are heated to form said intermetallic compound.

6. The invention as defined in Claim 5 wherein said
dendrite includes palladium.

7. The invention as defined in Claim 6 wherein said
dendrite receiving and engaging material includes a solder

material containing tin or indium.

8. The invention as defined in Claim S wherein said
particles are spherical balls.

9. The invention as defined in Claim 1 wherein the.
vacuum is at least as low as 1 torr.

10. The invention as defined in Claim 1 wherein a
third member is provided which engages one of said first
and second members and provides a portion of the air-tight

seal, and is exposed to ambient pressure.

This Sheet Has Been Eeplaced
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arrows in Figure 3, drives the dendrites 18 into the solder balls 20. An
extrenely high vacuumis not required, it being sufficient _th
be hi gh enough so that the air pressure drives the dendri §egnd8": Tnto”?

sol der
the tiles 16 and the spacer ballJf_ yf about 1 s
sufficient for this purpose. '= i‘ m‘m ﬂ! a vacuum it is possible to
apply essentially unlforn1pressure agamnsu t e*entlre surfaces of the

menbers 12 and 14, causing the engagenent of the dendrites 18 firmy in the
sol der balls 20. Such dendritic interconnection is explained fully in the
above- nenti oned patent, 5,137, 461. Once the proper vacuum has been
pull ed, valve 34 is shut off, and the vacuumline 32 sealed so that the
vacuumis nmaintained in the gas-tight zhanber 28, and thus the pressure

mai nt ai ned on the menbers 12 and 14 t$*maintain a good, tight seal.

11. A composite structure of a first member having a
first face and a second member having a second face,
comprising;

dendrites extending from said first face in a
given configuration,

dendrite receiving and engaging material on said
second face in a configuration corresponding to said given
configuration,

said first and second members being in juxtaposed

. relationship,

an essentially air-tight seal between said first
and second faces around said dendrites and dendrite
receiving and engaging material to thereby form a sealed
chamber between said first and second member within said
air-tight seal, and

a vacuum within said sealed chamber; said
dendrites being embedded in said dendrite receiving and
engaging material and maintained therein by ambient
pressure action on said first and second members to form an
interconnection therebetween.

12. The invention as defined in Claim 11 wherein said
dendrite receiving and engaging material is solder.

13. The invention as defined in Claim 11 further
characterized by the provision of at least one spacerx
device between said first and second members within said
chamber.

R
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9. . Referring nowto Figure 4, another enbodinent of this invention for
use in flat panel liquid display is shown. This enbodi nent
t he enbodi nents of Figures 1-3, except that the dendrltes
one face of the nodule 16 instead of the upper nenmber [
air pressure upon drawi ng of the umu“ﬂ’lﬂ rengt h of
t he mechani cal bond between the d& ﬂﬂﬂ!ﬁlder 20 can be inproved
or enhanced by the selection of the nhtéridls®fof the dendrites and the
sol der such that an internetallic conpound can be formed. For example, if
the dendrite material is palladiumand the solder is a tin-containing

sol der, an intermetallic compound (PdSn) can be fornmed at the interface of
the dendritic connection to the sol der 20. This can be acconplished by
heating the solder to above the |iquidds$ tenperature, at which point t he

internmetallic co ound alladiumtin quickly fornms, thus providin
cheni cal or QE p invention ag defm%ed in Cla%h E where n

there is a plurality of spacer devices between said first
and second member.

15. The invention as defined in Claim 11 wherein said
dendrites and said dendrite receiving and engaging material
each include first and second configurations forming an
intermetallic compound between said dendrites and said
dendrite receiving and engaging material.

16. The invention as defined in Claim 15 wherein said
dendrite includes palladium.

17. The invention as defined in Claim 16 wherein said
dendrite receiving and engagihg material includes a solder
material containing tin or indium.

18. The invention as defined in Claim 15 wherein said
particles are spherical balls.

19. The invention as defined in Claim 11 wherein the
vacuum is at least as low as 1 torr.

20. A composite structure of a first member having a
first face and a second member having a second face,
comprising,

dendrites extending from said first face in a
given pattern into a dendrite receiving and securing
material disposed on said second face, and said dendrites

and said dendrite receiving material including elements
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nol ecul ar bond between the dendrites and the solder, as well as a

mechani cal bond. This will ensure that in case the vacuumis Iost or is
reduced, that there is additional strength in the joint g Eer o eR
i nstances, such intermetallic conpound ma V] a suﬂiﬁl? C@Erong
bond for the per manent |nterconneﬂg; 'jﬂﬁconpo ni-s—M-Hhett—a
vacuum Qther internetallic CieW PE fornmed if different

materials are selected for the dendrites and sol der. For exanpl e, indium
can be used in place of tin or in addition to tin in the solder, in which
case an indium palladiumbond can be forned. QO her materials such as

16

forming an intermetallic compound at the interface of said
dendrites and said dendrite receiving and  securing

material.

21. The invention as defined in Claim 20 wherein said

dendrites are palladium.

22. The invention as defined in Claim 21 wherein said
dendrite receiving material is a tin-containing solder and
"gaid intermetallic compound is PdSn. '
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10 nickel, copper, cobalt and iron can forminternmetallic bonds with tin
or i ndi um I n anot her enbodi nent, in order to formi nt erfmpiRTY, f
stronger bonds, the dendrites can be plated, such as with tirn, to J%ﬂ
formng the internetallic bond, or the dendrites can be pl at D

whi ch very easily fornms |nterrretaII|c bahds W|th various materials,

i ncl udi ng the pall adi um pg q SURTIZLe , SriTEMY the sel ection of
materials for the dendrites and the dendrite rece|V|ng and securing

mat eri al , RREERAEL i nternetal lic conpounds can be forned by heating to
strengthen then thrEbhnlque A, ddnriectiossi bembearsusdloplefi abtdlbeinghan

sol der for m n en r i cei Vi r| anpl econd
pattern ofd%rg %’ft es éj%#&f ((f;n t%%dfﬁtt% %E Egl%mgéo%rgne 0,

rat her thawt sdibder ;Elaﬁd dm-mhem edint oa degidreint ecmfnx@@tamcan B@ndnmed as
descri bed jo.Paf én&?’geé@}lnég%{a%ex‘lalt' 'br@@tr‘a@ﬂy' ARG 1do) S is

possible to forminternetal 'l c Conpounds Strengt hen the bond.
Al so, epoxiPiagA bénuséédfFJ‘fEr'epI"-?;t"i:etl?f3 sfiﬁcd’é’td a‘ﬂ%{“bﬁ‘-lf drecd rFE’éﬁlﬁBﬁﬂﬁé?Pw ty

IS requiresbnfodiindathbi ¢ladl SMSeBheCdeidetitBg eROXYh&adnde faged. | than

epoxy 1S Ugetie to" MBL Oy Of N GIIPt 2LhLEs GOMUINGS S e AP0 2R | BhE:
dendrites in contact with the dendrite receiving and engaging
material. An airtight seal (26) is provided forming a sealed
chamber (28) ©between the first and second wmembers.

Thereafter, a wvacuum 1s pulled causing the ambient air
pressure to urge the two members toward each other which will
embed the dendrites in the dendrite receiving and engaging
material to form interconnection therebetween. In order to
improve the bond the dendrites and dendrite receiving and
securing material each contain a component which can form an
intermetallic compound therebetween.

Fig. 1 '
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Accordingly, the preferred enbodi nent of the present invention have been
déscri bed. Wth the foregoing description in mnd, however, it is
understood that this description is made only by way of exanple, that the
invention is not limted to the particular enbodi nents descri bed herein,
and that various rearrangenents, 1/1

11 nodifications, and substitutions nay be inpl grented w thout departing
fromthe true spirit of the invention as
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héreinafter claimed. REPLACEMEMP
CLAIMS: 1. A nmethod of connecting a first nenber haviihng—a—frrst-face
second nmenber having a second face, conprising the stepu .

provi ding dendrites extending fromsaid first face in g gi %%9&1 98
configuration, provi di ng dendrite3receiving and édndagi-ng. naieria
said second face in a configuration correspondi ng to sai i d given

Sai d denaPPEES SpRogRs Sy i other STRLAY circutt chiipoRER:

However, the use of clamping devices has certain limitations. For example, if a

multiplicity of dendrites and dendrite receiving and securing materials are located over a
large area, it is difficult to maintain an equal force at each of the dendritic connections,

~ and this difficulty increases as the area increases. Additionally, difficulty is introduced
if the main surfaces have a very thin cross-sectional area. Moreover, any requirement
that the main surfaces must allow light to pass iﬁtroduces a number dendrite contact

| problems. The principal of these problems is that where clamps are used, sufficient
applied force for good contact is difficult to achieve, a_nd, if achieved, uneven’
distribution of the force and out of plane distortion .Of the surfaces can result.

SUMMARY OF THE INVENTION

1t is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invéntion there is provided a method of
connecting a first member having a first face to a second member having a second face,
comprising the steps of; provid.ing7 dendrites extending from said first face in a given
configuration, providing dendrite receiving and engaging material on said second face in a
configuration corresponding to said given configuration, placing said members in
juxtaposed relationship with said dendrites in contact with said dendrite receiving and
engaging material, providing an essentially air-tight seal between said first and second
faces around said dendrites and dendrite receiving and engaging material to thereby form a
sealed chamber between said first and second members within said aif—tight seal, and
pulling a vacuum within said sealed chamber to thereby allow said dendrites to be
embedded on said dendrite receiving and engaging material to form an interconnection
therebetween, and maintaining said vacuum to form a functional pair of interconnected
members.

According to another aspect of the present invention there is provided a composite

structure of a first member having a first face and a second member having a second face,



sdid dendrite receiving and engagi ng materi al, prov MMS
essentially air-tight seal between said first and second Ja
dendrites and dendrite receiving and engagi ng material tojft eéﬁt:t#ég;g] a
seal ed chanmber between said first and second nenbergs mi tHi i@
air-tight seal, and pul ling a vacdum wi t hin sai d sefl chanber tof
thereby allow said dendrites to be enbedded on said dendrite

recei ving .engagi ng..material to for. i nt.erc o1
! hor ebet asanbrSHR” deRtid ke, el ST s ip w400 AORTETOR, gepaie
of interc ; . ‘] [ : i ' | My erein
oMo CH0RRGhE TEIBGN materal BN MERY A0, 35, AFIREARMoh Lok 40
i nventi on sy Hedd &ﬁﬂighfhti%hﬁéaﬁﬁ Hirdh Whd B&Iond RRiRlsUi Ao A% abhiRd RE@Mbang Of
at | east one Spacer device between said first and second henbers w thi'n
sai d chanfglessenfially aif/tht 5848 BeiwRen 85id dRéti ae Gedond Fhadk ArotmdREIdeicndEiREa8d I S @
plurality of spacer devices between said first and second nenbers.

dendrite receiving and engaging material to thereby form a sealed chamber between said

first and second members within said air-tight seal, and a vacuum within said sealed
chamber; said dendrites being embedded in said dendrite receiving and engaging material
and maintained therein by ambient pressure action on said first and second members to
form a continning interconnection therebetween.

According to Sﬁll another aspect of the present invention there is provided a
composite structure of a first member having a first face and a second member having a
second face, comprising, dendrites extending from said first face in a given pattern into a
dendrite receiving and securing material disposed on said second face, and said dendrites
and said dendrite receiving material including elements forming an intermetallic compound
at the interface of said dendrites and said dendrite receiving and securing material.

DESCRIPTION OF THE DRAWINGS

Figure 1 is an exploded view, somewhat schematic, showing one embodiment of
the present invention for use in connecting two members of a flat panel liquid display;

Figure 2 is a longitudinal sectional view of the panels of Figure 1 in position for
being engaged;

Figure 3 is a view similar to Figure 2 showing the two members of panels being
engaged with the dendrites embedded in the dendrite receiving and engagmg material and
being held by vacuum; and

Figure 4 is a longitudinal sectional view of another embodiment of the present

invention,



5. The invention as defined in claim 1 wherein said dendrites and sal d
dendrite receiving and engagi ng materi al each include firstip
el enents which forman internetallic conpound; and i A
pul ling of said vacuum said dendrites and said dendrite redeifvi ng
and engaging material are heated to formMdsaid internetallic|c mogn@%
The invention as defined in cI al m 5 wherein said dendrites §n

pal | adi um DESC 'léiE W
wherein said dendri tesr ecel VI ng and eng ﬁ;ﬁf@bﬁﬁd@l ffes a sol der

-raterial cont ah¢vobding ith thé pkék@h@ﬁiventﬁ)e . Cge{?lelgf Pr}é%tel'sggre grinﬁnq];qggw as 3

4 wherein said spacer devices are sp

def i ne(:j__ | rdenritentethudlogeiby fdiming @ehdfitts oAl b S8& of Dok WeRBer! ah® dendrite
receiving




10.‘The I nvention as defined in claim1l wherein a third nme
whi ch engages one of said first and second nenbers and pr

of the air-tight seal, and is exposed to anbient pressure §{ 11. A
conposite structure of a first menber having a first face jand 28<8Jowds

nmenber

said first face in a gi VRENRRI

engagi ng

havi ng a second face, conpr|5|ngﬂ5 dendrites {eqtendi ng from

ecerviTg—arr

%EB E& on said second‘face |ﬁ>a conflgﬁrétlon

corresponding to said given configuration, said first and second
menber s bei ng®i ntpgknagused ofe| Monmestiipg membend eft2nt4hl Iythlizinght
seal bet wggpgsatdsf '(&%t) and pserarkd.aceznar-eHad £ drdandd i &f%ne facénd

dendrite

bet weeh s&fd ?h?st’éﬁﬁ‘s@@
a vacluum webbiviag dufbateduchaghaatesahd, dpmdfefablpesagd@&be(chdﬁd, i fgsaid

dendrite

rece|V|n enga % ng material, to thereby forma sealed chanbe

TefBerd WiVAPn CRFRIRALIGht sdpndahbe

formed on a face of the second member in a configuration
conforming to that of the dendrites on the one face. The

‘embers are then placed relative to each other with the
‘Hendrites in contact with the dendrite receiving and engaging

material. An airtight seal (26) is provided forming a sealed
chamber (28) ©between the first and sdcond members.
Thereafter, a vacuum is pulled causing the ambient air
pressure to urge the two members toward each other which will
embed the dendrites in the dendrite receiving and engaging
material to form interconnection therebetween. In order to
improve the bond the dendrites and dendrite receiving and
securing material each contain a component which can form an
i

intermetallic compound therebetween.
Fig. 1



recei ving and engagi ng nmaterial and mai ntained therein by anbient pressure
action on said first and second nenbers to forma continuing
|nterconnectlon—therebe%weeﬁ———&e—-The i nvention as defi claimi11l

wher ei n sai d dendyy d engaging nmateri al i M@EMF
I nvention as defi | !ﬂ urt hert2characteri zed

at | east one spacer e\u ce between said first and seco ”?Qjﬁﬂ‘f W t hip i
said chanber. 14. The invention as defined inh claim13 e & | S fa
plurality of spacer devices between said first and secpn ers.

The invention as defined in claiml1l &grrﬂ@gn said dendrjtes and sai
dendrite receiving and engagi ng mate ach incl ude

el emant . 9! m A9 3hod of connecting a first member having a first face to a second member

having a second face, comprising the steps.of;
providing dendrites extending from said first face in a given configuration,
providing dendrite receiving and engaging material on said second face in a
configuration corresponding to said given configuration,
placing said members in juxtaposed relationship with said dendrites in contact with
said dendrite receiving and engaging material,
providing an essentially air-tight seal between said first and second~faces around said
dendrites and dendrite receiving and engaging material to thereby form a sealed
chamber between said first and second members within said air-tight seal, and
pulling a vacuum within said sealed chamber to thereby allow said dendrites to be
embedded on said dendrite receiving and engaging material to form an
interconnection therebetween, and maintaining said vacuum to form a functional pair
of interconnected members.
2.  The invention as defined in claim 1 wherein said dendrite receiving and engaging
material is solder.
3.  The invention as defined in claim 1 further characterized by the provision of at least
one spacer device between said first and second members within said chamber.
4.  The invention as defined in claim 3 wherein there is a plurality of spacer devices
between said first and second members. .
5. The invention as defined in claim 1 wherein said dendrites and said dendrite -
receiving and engaging material each include first and second elements which form an
intermetallic compound; and
wherein after said pulling of said vacuum, said dendrites and said dendrite receiving
and engaging material are heated to form said intermetallic compound.

6.  The invention as defined in claim 5 wherein said dendrites include palladium.
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14 internmetallic conpound between said dendrites and said % F('rgtéﬁfﬁ SHEET
recei ving and enﬁ ' material. 16. The invention as deji ' 35

agin
wherei n said de:t lﬂ'lﬁﬁmmEWﬂWal ladium 17. The inventipn %8¢y ped |
L A "¥ecei ving and.engagi ng natferjial includes &

claim 16 wherei nlk ¢ i
sol der material containing tin or indiud® 18. The inventijon™a
claim 14 wherein said spacer devices are spherical balls. {19. The

torr 20,7 clmperisn e e an ST Prie R SR B R B PRRlE o
a second naL NI AP 600 [A68npE QRE LR dendrites
nagrv ern into a

extending TTO 1'T'S ace npa dendrite receiving

t | a it , , | i d
and seouri g9 M alioo5 BASRA 18RI ULRRAORH: bAEE ac9e: SeLhipAdakes an

said - '_de e recelving material in enment s rmng an
internmetaldic PRIROMIINAS defined in claim 1 wherein the vacuum is at least as low as 1 torr.

]

a)

2

10. The invention as defined in claim 1 wherein a third member is provided which
engages one of said first and second members and provides a portion of the air-tight seal,
and is exposed to ambient pressure.
11. A composite structure of a first member having a first face and a second member
having a second face, comprising;
dendrites extending from said first face in a given configuration,
dendrite receiving and engaging material on said second face in a configuration
corresponding to said given configuration,
said first and second members being in juxtaposed relationship,
an essentially air-tight seal between said first and second faces around said dendrites
and dendrite receiving and engaging material to fhereby form a sealed chamber
between said first and second members within said air-tight seal, and
a vacuum within said sealed chamber; said dendrites being embedded in said dendrite
receiving and engaging material and maintained therein by ambient pressure action
on said first and second members to form a continuing interconnection therebetween.
12. The invention as defined in claim 11 wherein said dendrite receiving aﬁd engaging
material is solder.
13. .- The invention as defined in claim 11 further characterized by the prdvision of at least
one spacer device between said first and second members within said chamber.
14. The invention as defined in claim 13 wherein there is a plurality of spacer devices
between said first and second members.
15. The invention as defined in claim li wherein said dendrites and said dendrite

receiving and engaging material each include first and second elements forming an
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the' |nterface of_said dendrites and said dendrite recelvﬁno
material. 21. The, on as defined in claim20 whereg
are pal |l adi um ﬁﬂ!"ﬂn as defined in claim21
dendrite receivi AMtin- containing sol der
internmetal lic conpound iIs 14

intermetallic compound between said dendrites and said dendrite receiving and engaging

material.

16. The invention as defined in claim 15 wherein said dendrite includes palladium.

17.  The invention as defined in claim 16 wherein said dendrite receiving and engaging

material includes a solder material containing tin or indium.

18.  The invention as defined in claim 14 wherein said spacer devices are spherical balls.

19.  The invention as defined in claim 11 wherein the vacuum is at least as low as 1 torr.

20. A composite structure of a first member having a first face and a second member

having a second face, comprising,
dendrites extending from said first face in a given pattern into a dendrite receiving
and securing material disbosed on said second face, and said dendrites and said
dendrite receiving material including elements forming an intermetallic compound at
the interface of said dendrites and said dendrite receiving and securing material.

| 21. The invention as defined in claim 20 wherein said dendrites are palladium.
22. The invention as defined in claim 21 wherein said dendrite receiving material is a tin-

containing solder and said intermetallic compound is PdSn.



